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��� “The Grim Arithmetic of Water”“The Grim Arithmetic of Water”------Official Official 
Discussing Emerging Freshwater CrisisDiscussing Emerging Freshwater Crisis------
Source: September 2002 Source: September 2002 National GeographicNational Geographic

Accurate global precipitation measurement is Accurate global precipitation measurement is 
required for better prediction of freshwater required for better prediction of freshwater 
resources, resources, climate change climate change , , weatherweather, and the , and the 

water cyclewater cycle because because precipitationprecipitation is a key process is a key process 
that links them all….that links them all….
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ATMOSPHERE
0.001 ru (0.013 Pm3)

OCEANS
100 ru (1,350 Pm3)

CONTINENTS
2.50005 ru (33.6006 Pm3)

ice & snow: 1.85 ru (25 Pm3)
seas-lakes-rivers-streams: 0.65 ru (8.6 Pm3)

biosphere: 0.00005 ru (0.0006 Pm3)

RO
35 Tm3 yr-1

E
65 Tm3 yr-1

P
100 Tm3 yr-1

E
360 Tm3 yr-1

P
325 Tm3 yr-1

Notes: (a) global uncertainties order ±25%
(b) transfers some 0.025-0.0025% of ocean reservoir
(c) ru ≡≡≡≡ relative units

Global Water Budget
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Why Measure Global Precipitation (P) From Space: Can’t We Just Why Measure Global Precipitation (P) From Space: Can’t We Just 
Use Rain Gauges and Radars?Use Rain Gauges and Radars?

Accurate Global Precipitation Estimates are needed for Research Accurate Global Precipitation Estimates are needed for Research and and 
Societal Application Needs (e.g. improved forecasts, water budgeSocietal Application Needs (e.g. improved forecasts, water budget t 
closure, climate change assessment, water resources, etc.) Yet:closure, climate change assessment, water resources, etc.) Yet:

• Rain Gauges are Point Source Measurements of Highly Stochastic Temporal 
and Spatial Process.

• Rain Gauges experience systematic measuring errors caused by undercatch 
due to wind drift, evaporation losses, gauge contamination from foreign 
sources (e.g. bird drops, leaves) and funnel wetting.

• Indirect relationships and climatological variance of Z-R Relationships, Beam 
Blockage, Clutter Contamination, Beam Broadening and Anomalous 
Propagation create error for radar estimates.

• 70.9% of Earth’s Surface Area is Covered by Water. Of the 29.1% Land-
Covered--A Large Percentage is Inaccessible for Gauges or Radars
– GPCC estimates that  5-20 rain gauges are required per 2.5 degree latitude box to 

meet the 10% criterion for the relative sampling error on monthly precipitation 
(Rudolf et al. 1994).  As of 1998, there were approximately 2 rain gauges per 2.5 
degree latitude box.
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Global Precipitation Climatology Center (GPCC) Global Rain Gauge Distribution

[ ~6, 500 Real-Time Sites; ~38,000 Full-Network Sites ] 

Real-Time Sites (~6,500)

Single Gauge Catchment Area
Ave Rain Gauge Radius (R) Å 10 cm

Mean Gauge Catchment Area Å 0.031415 m2

Cumulative Gauge Catchment Area
total catchment area of 13,000 U.S. gauges Å 400 m2 (~20 m x 20 m)

total catchment area of 39,000 global gauges Å 1,200 m2 (~35 m x 35 m)

Familiar Areal References
standard tennis court dimensions ≡≡≡≡ 10.97 m x 23.77 m

standard basketball court dimensions ≡≡≡≡ 28 m x 15 m

Why GPM?
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U.S. WSRU.S. WSR--88D Frequency of Rainfall Occurrence for 1998 88D Frequency of Rainfall Occurrence for 1998 -- 20002000

Mountains/Data Voids

Range Issues
Limited Offshore Coverage

Satellites Offer Perfect Complement
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Percent of 3-hr Bins Sampled and Global Mean Revisit Time
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Number of Satellites

Lin, X., E.A. Smith, J. Adams, M. Byers, D. Everett, A. Hou, C.
Kummerow, D.A. Randall, 2003: Optimizing precipitation sampling 
with GPM mission’s satellite constellation with climate model 
simulations.  For submission to Bull. Amer. Meteorol. Soc.
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From Intermittent From Intermittent 
Tropical MW SamplingTropical MW Sampling

to 3to 3--HourHour
Global CoverageGlobal Coverage

Models Need to Models Need to 
Assimilate Both Assimilate Both 

Precipitation Precipitation 
Obs Obs & Errors& Errors

blank

Improved Improved 
Weather Weather 

PredictionPrediction

From Precipitation Retrieval to Improved Weather PredictionFrom Precipitation Retrieval to Improved Weather Prediction
through more accurate & precise measurements of instantaneous through more accurate & precise measurements of instantaneous rainratesrainrates

& better methods of rainfall data assimilation& better methods of rainfall data assimilation

From Precipitation Accumulation to Improved Hydrological PredictFrom Precipitation Accumulation to Improved Hydrological Predictionion
through more frequent sampling & full global coverage of mw precthrough more frequent sampling & full global coverage of mw precipitation measurementsipitation measurements

Incorporating Incorporating 
MicrophysicsMicrophysics

Improved Improved 
ClimateClimate

PredictionPrediction

From Precipitation Climatology to Improved Climate PredictionFrom Precipitation Climatology to Improved Climate Prediction
through better closure of water budget & accompanying quantificathrough better closure of water budget & accompanying quantification of tion of 

accelerations/decelerations in atmospheric & surface branches ofaccelerations/decelerations in atmospheric & surface branches of water cyclewater cycle

ImprovedImproved
Flood Hazard & Flood Hazard & 

Water Resources Water Resources 
PredictionPrediction

QuantifyQuantify
Storages &Storages &

FluxesFluxes
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I. How is global Earth system changing? 
(Variability)

• How are global precip, evap, & water cycling 
changing?

II. What are primary forcings of Earth system?  
(Forcing)

III.  How does Earth system respond to natural & 
human-induced changes?   (Response)

• What are effects of clouds & surf hydrology on 
climate?

IV.  What are consequences of change in Earth system 
for civilization?   (Consequences)

• How are variations in local weather, precipitation & 
water resources related to global climate variation?

V.  How well can we predict future changes in the 
Earth system?   (Prediction)

• How can weather forecast duration & reliability be 
improved by new space obs, data assim, & modeling?

• How well can transient climate variations be 
understood & predicted?

• How well can long-term climatic trends be assessed & 
predicted?

How is Earth changing and what are consequences for 
life on Earth?

GPM Science Objectives Have Roots Traceable to NASA Earth SciencGPM Science Objectives Have Roots Traceable to NASA Earth Science e 
Enterprise Research StrategyEnterprise Research Strategy


